The crystal structure of simonkolleite, Zn 5 (OH) 8 Cl 2 (H 2 O), rhombohedral, space group R3m, a 6.3412(3), c 23.646(1) Å, V 823.4(1) Å 3 , Z = 3, has been refined to an R index of 1.6% based on 284 observed (5) reflections measured with MoK␣ Xradiation. There are two distinct Zn sites fully occupied by Zn: Zn(1) is octahedrally coordinated by six (OH) groups, <Zn(1)-OH> = 2.127 Å, and Zn(2) is tetrahedrally coordinated by three (OH) groups and one Cl atom, <Zn(2)-OH,Cl> = 2.041 Å. The (Zn 6 ) octahedra (: O, OH, Cl) form an edge-sharing dioctahedral sheet similar to that observed in dioctahedral micas. On each side of the vacant octahedron, a (Zn 4 ) tetrahedron is attached to three anions of the sheet and points away from the sheet. The decorated sheet can be written as [M 3 (T 4 ) 2 2 ], where M = [6] Zn, T = [4] Zn and = OH, Cl. Intercalated between adjacent sheets are interstitial (H 2 O) groups. The sheets are held together by hydrogen bonding from (OH) groups of one sheet to Cl anions of adjacent sheets, and to interstitial (H 2 O) groups. Simonkolleite can be considered as a decorated sheet structure of the form [ [6] M 2 ] 4 with an interrupted sheet, and is related to the structures of cianciulliite, gordaite, namuwite, bechererite, chalcophyllite, ramsbeckite, chalcophanite and claringbullite.
INTRODUCTION
Simonkolleite was described as a new mineral by Schmetzer et al. (1985) . It occurs as a product of weathering of zinc-bearing slags at Richelsdorf, Germany, and is associated with native zinc, hydrocerussite, diaboleite, zincite and hydrozincite. Simonkolleite is colorless, forms tabular hexagonal crystals up to 1 mm in diameter, and has perfect cleavage parallel to (001). The crystal structure of the synthetic analogue of simonkolleite was reported by Nowacki & Silverman (1961) and Allmann (1968) . As part of our continuing interest in hydroxy-hydrated Cu-Zn oxysalts (Hawthorne 1985 , Hawthorne & Groat 1985 , Eby & Hawthorne 1989a , b, 1990 , 1993 , Burns et al. 1995 , Hawthorne & Schindler 2000 , we have refined the crystal structure of simonkolleite and present the results here.
EXPERIMENTAL
The crystals used in this work are from the type locality and were obtained from Mr. Forrest Cureton. A small crystal measuring 25 ϫ 80 ϫ 100 m was attached to a glass fiber and mounted on a Bruker P4 automated four-circle diffractometer equipped with SMART 1K CCD detector and MoK␣ X-radiation. A total of 4699 reflections over the range 3 ≤ 2 ≤ 60°w as collected according to the procedure described by Cooper & Hawthorne (2001) , using 0.2° framewidths and 90 s frames; this total is well in excess of the number of reflections in the Ewald sphere, and afforded considerable redundancy. The unit-cell dimensions (Table  1) were refined by least-squares using the positions of 2940 reflections with I > 10 I. The data were corrected for absorption by SADABS, reducing R(int) from 6.5 to 2.9%. Reflections were corrected for Lorentz, polarization and background effects, averaged and reduced to structure factors; of the 340 unique reflections, 284 reflections were considered as observed [| F o | ≥ 5F].
STRUCTURE SOLUTION AND REFINEMENT
Scattering curves for neutral atoms were taken from the International Tables for Crystallography (1992) . R indices are of the form given in Table 1 , and are expressed as percentages. The Bruker SHELXTL PLUS (PC version) system of programs was used for this work.
Refinement was initiated with the positional parameters reported for the synthetic analogue by Allmann (1968) . The structure refined rapidly to an R index of 2% for a model with anisotropic-displacement parameters for all non-H atoms. At this stage, the H sites were found on a difference-Fourier map and input into the refinement with the soft constraint that O-H distances are ~0.98 Å. Full-matrix least-squares refinement converged to an R index of 1.6%. Final positional and displacement parameters are given in Table 2 , and selected interatomic distances and angles are listed in Table 3 . Observed and calculated structure-factors are available from The Depository of Unpublished Data, CISTI, National Research Council, Ottawa, Ontario K1A 0S2, Canada.
DESCRIPTION OF THE STRUCTURE

Coordination of the cations
There are two crystallographically distinct Zn sites in simonkolleite, both of which are fully occupied by Zn. The Zn(1) site is coordinated by six (OH) groups in an octahedral arrangement with a <Zn-(OH)> distance of 2.127 Å. The Zn (2) site is coordinated by three (OH) groups, and one Cl atom in a tetrahedral arrangement, with a <Zn-(OH),Cl> distance of 2.041 Å. The Zn(1) octahedron has four long equatorial bonds and two short apical bonds. As discussed in detail by Burns & Hawthorne (1995) , octahedrally coordinated Cu 2+ shows elongation (rather than shortening) of apical bonds, and hence one does not expect an isostructural Cu 2+ analogue of simonkolleite. This apical shortening of the Zn(1) octahedron in simonkolleite is a result of the bond-valence requirements of the coordinating (OH) groups and the connectivity of polyhedra in the structure. The equatorial (OH) groups [= O(1)] are coordinated by two Zn(1) cations and one Zn (2) (2)-Cl bond. This is the only cation-Cl bond, and hence Cl must be an acceptor anion for several hydrogen bonds in order to satisfy its bond-valence requirements.
Hydrogen bonding
The bond-valence incident at the various anions from the Zn cations (Table 4) show O(1) and O(2) to be (OH) groups and O(3) to be an (H 2 O) group. The H atoms associated with the (OH) groups were located in the refinement (Table 2) , and a reasonable hydrogen-bonding arrangement is apparent (Tables 3, 4). The H(1) atom hydrogen-bonds to a Cl anion of the adjacent layer with an H … Cl distance of 2.256 Å, and each Cl atom is an acceptor of three hydrogen bonds from H(1) atoms of the adjacent layer ( Fig. 1) . The H(2) atom hydrogen-
is an acceptor of two hydrogen bonds from the adjacent sheets (Fig. 1) .
The bond-valence incident at O(3) ( Table 4) shows it to be an (H 2 O) group, as it does not bond directly to any cation in the structure. The associated H atoms of the (H 2 O) group were not found in the final differenceFourier map. This is not unexpected, as the O(3) anion ideally lies on Wyckoff position 3b with point symmetry 3 m, and the (H 2 O) group cannot conform to this point symmetry as its maximal point-symmetry, is mm2. Even though O(3) is disordered off the 3b position to the 18h position, the H atoms of the group must be disordered to conform with the long-range symmetry R3m, and hence we do not expect to be able to locate these H atoms by X-ray diffraction. However, there are two H (equivalent) atoms associated with O(3), and the ratio of (H 2 O):Cl is 1:2; thus, each Cl anion will receive one hydrogen bond from an (H 2 O) group. Hence Cl is an acceptor of four hydrogen bonds (Table 4) .
Structure topology
Each (Zn 6 ) octahedron (: unspecified ligand) shares four edges with adjacent octahedra to form a dioctahedral sheet similar to that in muscovite and other dioctahedral phyllosilicates. In this sheet, each vacant octahedron is sandwiched between two (Zn 4 ) tetrahedra with their apices pointing away from the sheet. The resulting sheet is of the form [M 3 (T 4 ) 2 (Fig. 2) . Because of the rhombohedral symmetry, adjacent sheets are shifted such that the rows of projecting {Zn (OH) 3 Cl} tetrahedra intermesh (Fig. 3) (H 2 O) . First, we include the vacant octahedra into the formula: [6] (Zn 3 Ⅺ). Next, we see from Figure 2 that each tetrahedron links to three octahedral ligands, and hence we can write each {Zn (OH) 3 Cl} tetrahedron as 3 (: any anion of the sheet). M 2 ) N sheet. Hawthorne & Schindler (2000) discussed the structures that fall into this category of decorated [M 2 ] N sheets. Of particular interest in the present case are those structures in which there are vacancies at some of the octahedrally coordinated sites in the sheet, the "interrupted" sheets; these are listed in these structures is not immediately apparent from their formulae when expressed in the usual way (Table 5) . However, we may rewrite these formulae by incorporating octahedrally coordinated vacancies and by identifying the decorating oxyanions and their mode of attachment to the sheet.
Cianciulliite
The formula of cianciulliite, Mn (Mg,Mn) 2 Zn 2 (OH) 10 (H 2 O) 2-4 , seems to be of the form [M 5 10 ], but this is misleading as the Zn cations are tetrahedrally coordinated. Moreover, there is a vacancy in the sheet of octahedra, about which two tetrahedra are attached to the sheet at three ligands each (Fig. 4a) 
Gordaite
The formula of gordaite, Na [Zn 4 (SO 4 ) (OH) 6 Cl] (H 2 O) 6 , is similarly deceptive, as the structural unit seems directly to be of the form [M 4 8 ]. However, gordaite has vacancies in the sheet of octahedra and one quarter of the Zn is tetrahedrally coordinated (Fig. 4b) Hawthorne & Schindler (2000) .
Bechererite
In bechererite, there are six octahedrally coordinated (Zn,Cu 2+ ) cations, every seventh octahedron is vacant, and there are two tetrahedrally coordinated Zn cations (Fig. 4c) , and we may write the sheet formula as [( [6] 12 , where the decorated sheet is within the square brackets and the species outside the square brackets are interstitial. Each (AsO 4 ) group is attached to the sheet by three vertices and is associated with a vacancy in the octahedra of the sheet (Fig. 4d) Hawthorne & Schindler (2000) .
Ramsbeckite
We write the formula as (Cu 2+ 13 Zn 2 ) (OH) 22 (SO 4 ) 4 (H 2 O) 6 . There are two Zn cations pfu (per formula unit) in tetrahedral coordination. Furthermore, the (Zn 4 ) tetrahedron shares three anions with the sheet and the fourth anion with an (SO 4 ) group of an adjacent sheet: {Zn S 7 }, and another (SO 4 ) group shares one anion with the sheet (Fig. 5b) Hawthorne & Schindler (2000) .
Chalcophanite
The formula of chalcophanite, Zn Mn 3 O 7 (H 2 O) 3 , does not seem to be related to the [M 2 ] N structures.
However, although all of the cations are octahedrally coordinated, only the Mn 4+ cations form a sheet of octahedra. Moreover, there is one vacancy for each six Mn 4+ cations in the structure, indicating that chalcophanite has an interrupted sheet (Fig. 5a) 2+ cation is not part of the sheet; it has trigonal prismatic coordination and links adjacent sheets (Fig. 5b) [M 2 ] N sheet structure with an interrupted sheet, N = 4, and Zn in both octahedral and tetrahedral coordination. Also in this family of structures are cianciullite, gordaite, namuwite, bechererite, chalcophyllite, ramsbeckite, chalcophanite and claringbullite.
